To help understand why there is a prevalence of canine distemper in Brazil, we interviewed 404 owners of dogs that were in clinics or veterinary hospitals about distemper. Our results showed that 80.4% of respondents knew about distemper and 67.6% knew that it is a severe and fatal disease. Approximately 50.9% knew that distemper can be prevented by the use of the vaccine, but 60.9% did not know about distemper vaccines. Our results show that the lack of knowledge and, consequently, the lack of vaccination against distemper may be the most important factors in the endemic presence of distemper in Brazil.
Introduction
Canine distemper is a disease that is distributed world-wide, is highly contagious, and is fatal in dogs and other species of the Canidae, Mustelidae, Procyonidae, Ursidae, and large Felidae families (Appel, 1969; Appel, 1994; Appel and Summers, 1995; Cleaveland, 2000; Kameo, 2012) . The etiological agent, canine distemper virus (CDV), is a negative-sense, single-stranded RNA virus belonging to the genus Morbillivirus, family Paramyxoviridae. Symptoms can be acute or subacute and manifested as a generalized infection, respiratory disease, hyperkeratotic change, central nervous system disturbance, or combination of these (Deem et al., 2000) . In dogs, CDV can cause a fatal disease that manifests as pyrexia, anorexia, nasal discharge, conjunctivitis, diarrhea, leukopenia, and encephalitis (Appel, 1969; Appel, 1994; Appel e Summers, 1995; Deem et al., 2000) .
Distemper was one of the most common fatal diseases in dogs worldwide. With the emergence of specific vaccines, distemper has become rare in countries that adopt strict vaccination regimens. However, mortality is still very common in nonvaccinated animals or in cases of vaccine failure (Greene et al., 2001 , Greene e Vandevelde, 2012 .
Distemper is an endemic disease in Brazil, and thousands of dogs die every year due to CDV infection (Headley e Graça, 2000; Del Puerto et al., 2010) . The prevalence of distemper in Brazil has been described as ranging from 7.1 to 58.3% (Hass et al., 2008; Sonne et al., 2009) . In an epidemiological study on the life expectancy of pet dogs, we demonstrated that infectious diseases -especially distemper -are the main causes of early death in dogs (Bentubo et al., 2007) . These data were supported by Fighera et al. (2008) who found that CDV infection was the main cause of natural death and euthanasia of dogs in southern Brazil.
However, the lack of epidemiological studies and, consequently, information on the occurrence of this infection has hampered the adoption of more efficient methods to control this disease. Thus, distemper begins to be seen as an emerging disease, and a better understanding becomes necessary for the improvement of measures to prevent the advance of this disease in domestic and wild canine populations (Povey, 1986) . To understand more of the epidemiological factors involved in the notable prevalence of distemper in our country, a questionnaire was administered to assess the level of knowledge that the population of São Paulo has on different aspects of distemper. 
Materials and methods
The study design was cross-sectional, with administration of the survey to dog owners living in the city of São Paulo, Brazil. To calculate the sample size, we considered that 50% of the population would have no prior knowledge about distemper and adopted a confidence level of 95% (Lwanga and Lemeshow, 2011) . We interviewed 404 individuals who were randomly selected from those who had one or more dogs and who visited clinics, pet shops, veterinary hospitals, and other veterinary establishments in São Paulo.
The study was conducted during the period from March to November 2012. Participants read and signed a consent form. The researchers administered a questionnaire that had preselected questions about different aspects of distemper ( Table  1 ). The questionnaire was administered in Portuguese by a research assistant in a "face-to-face" interview. Demographic information, including the age and gender of all study participants, was tabulated and analyzed. The participants could only choose one answer available in the questionnaire. The study sample was made up of 51.8% (209/404) women and 48.2% (195/404) men, and the age of the participants ranged from 22 years to 68 years. The study protocol was approved by the Paulista University Research Ethics Board for Health Sciences Research (142/2010).
Non-parametric and parametric data were compared using Wilcoxon's rank-sum test and Student's t-test, respectively. For all statistical analyses, findings with p ≤ 0.05 are considered statistically significant. Statistical calculations were performed using the Statistical Package for the Social Sciences (SPSS 18.0; SPSS, Chicago, Illinois).
Results and discussion
This research showed that 80.4% (325/404, p = 0.033) of the sampled population knew about distemper disease, while 19.6% (79/404) had never heard of the disease (Table 1) . We observed that the majority of those surveyed (67.6%, 273/404, p = 0.041) knew that distemper affects dogs and can cause death of sick dogs. Among individuals who had knowledge about the disease, 60.6% (197/325, p = 0.045) received information from veterinarians, 19.1% (62/325) learned from television programs, and 20.3% (66/325) learned from other media.
Approximately half of the respondents (50.9%, 206/404, p = 0.055) knew that the vaccine is the most effective way of preventing the disease, and this result was not statistically significant. Meanwhile, 14.1% (57/404) of the respondents believed that preventing their dog from wandering the streets is the best way to avoid infection. However, 60.9% (246/404, p = 0.045) of those surveyed said they did not know that there is an available distemper vaccine for the prevention of the disease. In addition to vaccination, a critical step in preventing distemper is the adoption of a strong sanitation program. This requires that owners and veterinarians adopt measures to prevent the spread of CDV from an infected dog to a susceptible dog. Measures such as the isolation of sick dogs and the decontamination of the environment, clothing, equipment, hands, and surfaces should be systematically performed (Greene e Vandevelde, 2012) . This study revealed a lack of knowledge about vaccination and other methods of prevention, which were cited by fewer respondents.
A significant number of respondents (298/404, 73.8%, p = 0.039) reported they did not use the vaccine against distemper. Most of the respondents (78.9%, 319/404, p = 0.037) attributed this to a lack of knowledge about the vaccine. Only a small group of owners did not vaccinate their dogs because of the cost of the vaccine (8.7%, 35/404), and a small number considered it difficult to take the animal to get vaccinated (7.2%, 29/404) or believed a lack of contact with other animals was sufficient to prevent the transmission of distemper (5.2%, 21/404). This is the first study showing that distemper and its potential severity is largely known by the dog-owning population of São Paulo. Based on the premise that the control and eradication of infectious disease depends on public knowledge, it is important to know that most of the public knows the severity of distemper in dogs. This is especially important when control measures involve the active participation of these individuals (Horzinek, 2006) .
The most effective measures to control distemper are immunization by vaccination and the adoption of classical hygiene practices (Greene e Vandevelde, 2012) . The prevalence of canine distemper is low wherever vaccination regimens are practiced (Greene e Vandevelde, 2012) . Active immunization against distemper can be achieved by the systematic use of existing vaccines, has been employed since 1923 (Povey, 1986; Chappius, 1995; Greene et al., 2001 ) and has been used to control the disease in several countries in Europe, Asia, and North America. In addition, CDV is extremely susceptible to common disinfectants.
Our results show that approximately only half of those surveyed knew that immunization is the most effective way to control the disease. Furthermore, 60.9% of those surveyed did not know that there is a vaccine commercially available against distemper, and many respondents did not know that distemper vaccine is included in the multiple vaccines available in the domestic market.
Among the interviewed owners, 12.4% (50/404) revealed that their dog had distemper. Of these owners, 50% (25/50) had their dog undergo drug treatment, 38% (19/50) had their dog euthanized, 4% (2/50) did not take their dog to the vet, and 8% (4/50) did not remember what was done. The cost of therapy associated with clinical distemper in Brazil was estimated to be between R$ 258.3 million/annum (USD 147.6 million/annum) and R$ 280.5 million/annum (USD 160.3 million/annum) (Headley et al., 2012) . The age range of the affected animals was 1 month to 12 months and was consistent with the results observed by others (Headley e Graça, 2000; Sonne et al., 2009) .
Though the majority of the interviewed owners knew about distemper, few (21.3%, 86/404) demonstrated knowledge about its clinical presentations and answered that motor symptoms, such as walking difficulties, are the most common. Among those who had this information, it was noted that few people (12.4%) knew about the transmission of the disease. Transmission was partly attributed to contact with animals with distemper (28.7%) and partly to transmission by air (14.4%). The recognition of clinical disease is a major factor in instituting early prophylaxis and prevention, especially if the animals live collectively or are allowed outside (Greene e Vandevelde, 2012) .
Key aspects for the control of CDV and for minimizing its threat to domestic dogs and wildlife should include the identification of infection reservoirs, of the mechanisms by which infections are sustained within reservoirs, and of the sources and routes of transmission from reservoirs to species of concern (Martella et al., 2008) . Domestic dogs are one of the most numerous carnivores in the world (Daniels e Bekoff, 1989 ; Acosta-Jamett et al., 2011), and they are particularly abundant in urban and rural areas of some developing countries. They can be excellent reservoirs for pathogens because they usually live in large populations, are often not vaccinated, and are regularly allowed to roam freely, thus facilitating contact between infected and susceptible hosts (WHO/WSPA, 1990) . Vaccine coverage of 95% of domesticated dogs would be needed to control canine distemper in pets (Chappius, 1995) .
We believe that one of the best ways to spread knowledge about distemper is through veterinarians, because it was found that veterinarians were mainly responsible for the knowledge that respondents had about the disease. Because there is a fluctuation in the temporal occurrence of the disease (Horzinek, 2006) , control and educational programs should adapt to this condition. Tools such as our knowledge survey may be an initial starting point for public knowledge assessments or may be used to monitor responses to an existing educational program.
In Brazil, many studies have been conducted to understand the epidemiology, pathology, and treatment of canine distemper, but this is the first study that addresses the level of knowledge and understanding of the disease among dog owners. The results of our study show that the dog owners recognized the need to vaccinate pets but were unaware of vaccine availability. We suggest greater dissemination of information through advertising campaigns and through veterinarians about the vaccine and its use. It is likely that this is the most sensitive point of the control program against canine distemper, because many respondents said they did not vaccinate their animals against distemper because they did not know that a vaccine was available. We believe that this information can assist the conduct of veterinarians, governments, producers of vaccines against distemper, and those interested in controlling this disease.
